This work is licensed under a Creative Commons IGO 3.0 AttributionNonCommercial-NoDerivatives (CC-IGO BY-NC-ND 3.0 IGO) license (http://creativecommons.org/licenses/by-nc-nd/3.0/igo/legalcode) and may be reproduced with attribution to the IDB and for any non-commercial purpose. No derivative work is allowed. Any dispute related to the use of the works of the IDB that cannot be settled amicably shall be submitted to arbitration pursuant to the UNCITRAL rules. The use of the IDB's name for any purpose other than for attribution, and the use of IDB's logo shall be subject to a separate written license agreement between the IDB and the user and is not authorized as part of this CC-IGO license. Note that link provided above includes additional terms and conditions of the license. The opinions expressed in this publication are those of the authors and do not necessarily reflect the views of the Inter-American Development Bank, its Board of Directors, or the countries they represent.
The Government of Jamaica (GOJ) has an obligation to communicate greenhouse gas (GHG) emission levels to the United Nations (UN), under the provisions of the UN Framework Convention on Climate Change (UNFCCC). The first such communication took place in 2000, with a second communication in 2011. A study conducted for the third National Communication brings the data up to 2012 (Aether, 2015 . In this context, the farming sector's contribution to the "inventory" of Jamaican GHG emissions is of interest in the debate on ways to mitigate such emissions, and will become even more significant as comprehensive attempts are made to reduce GHG emissions in the economy.
The Paris Climate Change Agreement of December 2015 (COP 21) called for "Intended Nationally Determined Contributions" (INDC) to be defined by signatories. INDC levels for the countries of the Caribbean are reported in a recent IICA study (IICA, 2016) . All but one of the Caribbean countries have included agriculture as a relevant sector in terms of GHG emissions and potential for GHG reductions. Jamaica's participation in this global effort will require some adjustments, including to its agriculture sector.¹ introduction agricultural development in Jamaica is important to the country's economic and social fabric.
At the same time, agricultural development in Jamaica is important to the country's economic and social fabric. The FAO and IDB conducted several studies to assess policy's contribution to agricultural development; the first one measured producer support estimates (PSEs) for the sector, following the methodology used by the OECD in its monitoring of the agricultural policies of its members (IDB/FAO, 2012) . This information has been updated to 2014 in the current report and is contained in the IDB Agrimonitor database, which covers many of the countries of Latin America and the Caribbean (IDB, 2016) .² An additional study, looked at agriculture taxation in Jamaica and calculated the benefits provided to the sector through the tax code (FAO, 2012) . And a third study examined the question of the vulnerability of Jamaican agriculture to extreme weather events (IDB/FAO, 2013) . Though not limited to events linked to climate change, the results emphasize that Jamaica is a high weather-risk country and that the agricultural sector is particularly vulnerable. This study builds on the analysis of the earlier studies and brings together the information necessary to assess consistency among objectives. In particular, it focuses on GHG emissions from the agricultural sector, an issue not covered in the study of the impact of climate change on the agricultural sector. It also attempts to bring prior analyses of policy incentives up to date by using the most recent data available.
The Aether study and the Agrimonitor database provide a welcome opportunity to address the question of the link between, on the one hand, commodity policies that provide support for particular sectors, and on the other, the environmental impact of those sectors as measured by their contribution to GHG emissions. The matching of GHG emission data with policy support is not precise, as emissions are dependent on farming practices and other conditions that can vary, and the policy incidence depends on the market conditions as well as the details of policy administration. But the result of the comparison presented in this study provides a starting point for more detailed research into the links between farm and climate change policy.
Though not limited to events linked to climate change, the results emphasize that Jamaica is a high weather-risk country and that the agricultural sector is particularly vulnerable.
The data on GHG emissions was combined with the policy transfer data in a way that focused on the correspondence between commodity policy indicators and climate change measures. Some assumptions were required to make the mapping possible that involved allocating various activities responsible for GHG emissions to individual commodities. The most important of these assumptions are:
1. The emissions data from the Aether study cover direct GHG release from the farming activity itself. The farms' use of fuel is also captured along with corresponding data from other sectors (energy, transportation, etc.) in the Jamaica inventory. The focus in the Aether report is on direct emissions from livestock and from crop cultivation. In this study, we attempt to include the GHG emissions from farm use of fuel and energy inputs based on additional information found in other parts of the Aether data files. This requires some additional assumptions about the nature of fuel and energy use per crop. (Additional details on the methods used are given in Annex B.)
Data and Methods

Sequestration of GHG by agricultural products
is not measured in the Aether study. The positive contribution of crops -in particular tree crops-due to GHG absorption needs to be included in the accounting in order to take into consideration this key aspect of land use. In the UN inventory the category of GHG accounting known as Land Use and Land Use Change and Forestry was calculated but was not specifically included in the agricultural inventory. Sequestration estimates were recorded in the Aether database under the heading "changes from forestry to other uses." However, in the absence of data on sequestration by agricultural crops such as coffee and sugar, some preliminary estimates are incorporated into our study to close this informational gap.³
Different sets of crops and livestock activities
were included in the Aether study and the FAO/IDB estimates in the Agrimonitor database. Aether groups 56 crops into 13 categories, along with eight livestock sectors. Some crops such as cocoa are not considered separately in that commodity list. The Agrimonitor database identifies 10 crops, including cocoa, and five livestock types. It does not provide separate support estimates for pulses, condiments, plantain, tubers, or sorrel, though there is a category for "other products." On the livestock side, Agrimonitor does not include support estimates for turkeys, horses, mules, sheep, or rabbits. More significantly, goats are not included in the Agrimonitor database (there are no specific goat sector policies) whereas Aether includes them as a class of livestock that is important in the Jamaican livestock sector. In our study, the emphasis is on those products that are included in the Agrimonitor database and account for about 70 percent of the value of production in Jamaica. The mapping of the two data sets is described below.
The Aether study collected data on the types of emissions that are shown in Table 1 . The magnitude of these emissions was calculated by estimating the use (in Gigagrams) of GHG emitting products such as nitrogen fertilizer (synthetic nitrogen and urea) and limestone, and taking into account hectares of organic farming. The IPCC emissions factors were used to convert these quantities into estimated N 2 O emissions -both direct and indirect-from managed soils. Similarly, CO 2 emissions from liming, N 2 O emissions from urea, and corresponding GHG emissions from rice cultivation and biomass burning were derived. Adding up the GHG estimates for these different types of activity and converting them to the CO 2 equivalent enabled Aether to come up with an estimate of the GHG emissions from soils (and by implication the crops grown in those soils).
The contribution of individual crops to the total is not calculated in the Aether report though it includes data on hectarage and production for many crops.⁴ The data on hectarage is used in the Aether study to estimate land for three different crop types: nitrogen-fixing crops (such as dry beans), non-nitrogen fixing
GHG emissions
The magnitude of these emissions was calculated by estimating the use of GHG emitting products, and taking into account hectares of organic farming.
grain crops (such as corn and rice), and roots and tubers (such as potatoes). These groups were designed to correspond to emission factors identified in the IPCC guidelines (2006) . We used this information in our study to check assumptions on the use of fertilizer needed to estimate GHG emissions from individual commodities.
The calculations for livestock emissions are given in much more detail in the Aether study. The population numbers are given for the major types of livestock, based on government sources. The emission factors were again drawn from the IPCC Guidelines (IPCC 2006) . The calculations for livestock emissions by livestock category are dominated by N20 from manure management and CH 4 from enteric fermentation.⁵ The GHG emissions were allocated to the commodities identified in the Agrimonitor database using the information updated to 2014.
Allocation of the total emissions estimated for soil management (direct and indirect N 2 O emissions from fertilizer and crop residues) required several steps. The Aether study provides a breakdown of the land area and production (harvested weight) from Ministry of Agriculture and Fisheries data but not of GHG emissions by individual commodities. To map them to policy incentives, assumptions had to be made as to each commodity's individual contribution to total emissions. The Aether data on area per commodity harvested are grouped under 13 headings. Allocating GHG emissions by individual commodity required emissions to first be allocated to these groupings. The mapping of these groups to the Agrimonitor commodities is provided in Table 3 . This mapping is then used to estimate soil management emissions per commodity in the Agrimonitor data by scaling it according to the share of that commodity in the Aether group (Annex B gives an example of this calculation.)⁷
Allocation of Emissions to Agrimonitor Commodities
The Aether study provides a breakdown of the land area and production (harvested weight) from Ministry of Agriculture and Fisheries data but not of GHG emissions by individual commodities.
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The Aether data spreadsheets do provide an estimate of emissions from fuels used in farming activities associated with agricultural commodities. This data is not broken down by specific activity, such as land preparation; fertilizing and weed control; and harvesting. 
In addition, many crops require some first stage processing and transportation to get them to market. Each of these activities use fuel and energy, and thus a full inventory for agriculture would include the GHG emissions from these processes.⁸ In the absence of information with this level of detail, we calculated fuel use in field operations, harvesting, and processing (Annex B describes how we did this). As far as energy use, national totals were scaled down to match the agriculture's approximate share of total use of energy in the Jamaican economy.
The Aether report's livestock categories match more conveniently with the sector breakdowns in the Agrimonitor database. Enteric fermentation estimates can thus be used with minimal reallocation. Direct and indirect manure management and animal grazing emissions can likewise be allocated to the livestock sectors. Aether's emissions estimates for the different livestock groups are placed on the worksheets according to Agrimonitor livestock product. Livestock emission levels are thus based on Aether, with little need for modification. GHG emissions according to the Agrimonitor product categories are shown in Table 4 . Total GHG emissions under the two different product groupings are within range of each other: 3,765 Gg CO 2 e in the case of the Aether groups and 3,831 Gg CO 2 e for the Agrimonitor categories.
Once included in the worksheets based on the Agrimonitor commodities, comparison with policy transfers is straightforward, using the Agrimonitor database's Producer Commodity Specific Transfers (PCST) indicator. This indicator measures the transfers that are specific to a particular commodity and thus provide direct incentives to produce that crop or animal product.
The contributions to total agriculture GHG emissions of the sectors identified in the Agrimonitor database are detailed in Table 5 . The first three columns of the table indicate the average annual share of the value of output, share of commodity-specific support, and share of the GHG emissions for [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] (Annex Tables 1, 2 , and 4 list the annual values of these variables).
The share of total production value (column 1) shows that three products are dominant: poultry, yams, and sugar, along with a composite group of "other products" which mainly includes vegetables, pulses, and condiments. Over one quarter of the value of Jamaican agricultural production comes from the poultry (broiler) sector. The share of total transfers by sector (column 2) reflects policy priorities. Single commodity transfers by sector vary significantly in Jamaica and appear unrelated to production value. The sugar sector's share of transfers, for instance, is four times its share of production value. The poultry sector receives an overwhelming share of the transfers, as reported elsewhere (FAO/IDB, 2012). As several commodities have negative transfers (usually because farm prices are well below the reference prices
Comparison among sectors three products are dominant: poultry, yams, and sugar, along with a composite group of "other products" which mainly includes vegetables, pulses, and condiments.
for those commodities) total support to the poultry sector from commodity-specific policies is greater than the net total for the whole sector.
Are the sectors that account for most of the value of output also those with greatest GHG emissions (column 3)? The relationship is certainly not direct, as some products that have a low profile in terms of the production value still contribute significantly to GHG emissions. Bananas account for less than 3 percent of production value, but the sector accounts for 6 percent of GHG emissions. The poultry sector is responsible for almost 40 percent of the GHG emissions, exceeding its high share of total production value (26 percent).⁹ Due to the significance of enteric fermentation by ruminants, the beef sector appears responsible for 10 percent of the total agriculture GHG emissions, though it only contributes 3 percent of the value of output. Another sector that contributes significantly to GHG emissions is sugarcane, which accounts for about 19 percent of total GHG emissions but contributes only 8 percent of the total value of agricultural output. Coffee and bananas also contribute significantly to GHG emissions. Sweet potatoes and yams, pineapples and other products (mostly vegetables) contribute less to GHG emissions than would be expected according to their share in the value of production. The implications for policy are discussed below.
The importance of accounting for crop sequestration was mentioned above. Measurements of GHG emissions associated with agricultural activities should take into account the carbon stored in growing plants, soil, and organic matter (carbon sinks). Again, because consistent and comprehensive data is not available, sequestration amounts for crops were estimated using limited studies on individual tree crops.¹⁰ Sequestration amounts are included in the calculations in the next section on the cost of agricultural carbon emissions by crop, as ignoring these benefits would skew the estimates against tree crop and sugar cane production.¹¹ 9 The high GHG emissions from the poultry sector mainly come from manure management. This illustrates the importance of soil management as a way of reducing GHG emissions. Poultry production is a relatively efficient way of converting grain-based feed into protein. Evidence from the FAO suggests that this gives poultry an advantage over other livestock products in terms of GHG emissions per unit of protein produced (Gerber, et al. 2013) . But much hinges on the type of waste management employed by the sector.
10 Annual crops also sequester carbon, but it is largely released after harvest and therefore is not relevant for GHG accounting on an annual basis. The use of plant material as fertilizer is included in the GHG inventory under soil management.
11 In the case of sugar cane, another important assumption needs to be made. The use of bagasse (a by-product from the sugar mills) as a source of fuel is an important part of the sugar economy. The burning of bagasse releases greenhouse gasses, but the amount of CO2 emitted is generally less than the CO2 absorbed by the sugar cane during the growing stage. The tables below thus assume that use of bagasse as a fuel in agriculture does not make a net GHG emission contribution. In broader terms, as a biofuel, bagasse contributes to reducing fossil fuel use.
The goal of this report is to analyze GHG emission estimates alongside the incentives provided by agricultural (commodity) policy. In order to do these, we use a common unit: money. That is, the monetary value of GHG emissions and the monetary value of transfers based on commodity output. This requires that we estimate a carbon price so the cost of GHG emissions can be compared to the cost of financial transfers to the producers of particular commodities.
There is no carbon price, in the sense of an observable market price applicable globally. However, at least 44 countries now have carbon markets in which permits for CO 2 emissions are traded on exchanges. Thus, we can propose a cost for CO 2 emissions by either assuming the Jamaican agricultural sector has to purchase such permits in a carbon marketplace or that the government taxes the sector to offset the cost of carbon emissions. In either case, it is straightforward to apply a price to carbon emissions to arrive at a financial equivalent of GHG emissions. The price chosen for a unit of CO 2 or equivalent is a key assumption. The figure underlying the tables presented here is US$10 per metric ton of Table 5 ). The shares are broadly comparable to those of the GHG emissions, as in most cases, the sequestration adjustment is not large. However, some products such as sugar cane, bananas, coffee, and cocoa contribute less to the ACE than to GHG emissions due to carbon sequestration, which offsets some of the cost of GHG emissions.
12 The distinction must be made between the carbon price in Jamaica that would encourage a reduction in the emissions identified in the INDC (i.e. the internal carbon price) and the price that if adopted by all countries would achieve a reduction in global warming of a target amount (the external carbon price). The latter is discussed in Kossoy, et al, 2015 . Had the Paris accord chosen to regulate GHG emissions through a global carbon price then the two prices would be similar.
Putting GHG emissions in a monetary unit allows for an interesting comparison between GHG costs and the value of farm output. For example, we can look at the production value minus the carbon emission cost (ACE). The result only marginally changes the sector ranking. Poultry still dominates, with about 26 percent of total production value net of externalities, the same as for current total production value. Sugar cane also appears to contribute about 8 percent to the agricultural economy even when the cost of emissions is considered. Similarly, yams account for about 12 percent of the value of output whether or not the ACE is taken into account. The ACE is relatively small when compared to the value of production.
These relative shares are illustrated in Figures 1 and 2 on the following page. Figure 1 shows the average share of production by commodity for 2006-2014, while Figure 2 shows the share when the costs of GHG emissions is included. (Annual numbers are provided in Annex Table A6 .)
Net valuation of commodities we can look at the production value minus the carbon emission cost (ACE). The result only marginally changes the sector ranking. To link GHG emissions with agricultural policy, we must take the further step of subtracting the combined GHG emission impact (ACE) and transfers from commodity-specific policy (SCT) from the total production value. The results of this calculation are shown in Figure 3 , with the annual data provided in Annex Table  7 . The result is the total production value net of both the cost of carbon emissions and transfers through agricultural policy. What this essentially calculates is the total production value (assuming no change in hectarage or cattle numbers) if producers had to pay for the GHG emissions and were obliged to forgo the transfers through the commodity-specific programs, which is a rough approximation of the value of output at world prices with a carbon tax offsetting GHG externalities. This in turn gives a partial estimate of the net social value (NSV) of the sector's output from the sector.¹³ Estimating the positive contribution of the Jamaican agricultural sector to the economy (VoP-SCT-ACE) tells a significantly different story about the importance of various crops and livestock products when these adjustments are made. Crops with relatively little support (or in several cases negative support) and a low ACE value turn out to make a more significant contribution to the net benefits of the agricultural sector. Those with significant support and high levels of GHG emissions make up a smaller share of the sector's net benefit.
The NSV of the poultry sector is among the most revealing results. The poultry subsector's contribution to the NSV of the agricultural sector is only 8.1 percent, compared to 26 percent before the impact of policy is considered. The NSV of sugar cane is 4.1 percent, compared to 8 percent before policy transfers are taken into account. Beef contributes less than 3 percent to production NSV. However, sweet potatoes contribute 7.5 percent of total NSV (compared to less than 4 percent of the gross production value). Yams (16%) and other products (37%) are also more significant when GHG emissions and policy transfers are considered. This latter category consists mainly of vegetables and other annual crops that have no or only limited price support policies, use less inorganic fertilizer, and have no issues with manure management.
Crops with relatively little support (or in several cases negative support) and a low ACE value turn out to make a more significant contribution to the net benefits of the agricultural sector.
The main objective of combining GHG emission data with data on policy transfers is to measure to what extent the transfers encourage or reduce GHG emissions. If the transfers encourage sectors with high GHG emissions, then it would seem climate change and agricultural policies are at cross-purposes. The dominance of the poultry sector, for instance, is in part due to commodity policy transfers (in this case, through high tariffs). This encourages a sector that is responsible for a considerable amount of GHG emissions, suggesting that the policies producing transfers from consumers to poultry producers of poultry may not be entirely consistent with the need to reduce GHG emissions.
Any relationship between sectors that receive significant support and those with high GHG emissions is of interest in the context of reaching the INDC targets. Thus, poultry and sugar stand out as sectors that receive both much of the support from farm policies and contribute significantly to GHG emissions. The connection, however, must be handled with care. With crops, for example, high support levels can encourage production, thereby elevating
Interpretation of Results
poultry and sugar stand out as sectors that receive both much of the support from farm policies and contribute significantly to GHG emissions.
GHG emissions. But some commodities have higher emissions per hectare than others, so policy transfers that encourage production of a commodity with a lower per hectare GHG emission would actually reduce GHG emissions.¹⁴ GHG emissions per hectare are detailed in Table 6 , column 1. The table shows that sugar cane has the highest per-hectare GHG emissions, followed by bananas and yams. It would appear that switching hectares away from sugar production would reduce GHG emissions. However, when the sequestration benefits are accounted for and the carbon price converted to J$ (i.e. the ACE), the per-hectare comparison comes out different (column 2). Here, cocoa, bananas, and coffee have a higher per-hectare ACE, with sweet potatoes, yams, and sugar falling back in the ranking.
For livestock, we are better off comparing the total ACE (in J$) rather than per-ton or per-hectare ACE (column 3). Poultry accounts for J$1.3 billion of total livestock production; milk contributes J$854 million; and beef, J$332 million. This emphasizes the significant environmental burden of milk and beef due to enteric fermentation, and of poultry due to manure management.
A further way to measure the connection between agricultural policy and GHG emissions, shown in Table 6 (column 4), is to calculate the percentage of total production value that is offset by the ACE. Milk appears to have very high environmental costs (200 percent) relative to the value of production. The ACE costs of beef and pigmeat are also a significant proportion of their production value. By contrast, the ACE for poultry is equivalent to only about 3 percent of the market value of the product. The ACE for field crops such as tomatoes, potatoes, and yams and tree crops such as bananas and coffee is generally equivalent to only a small share of the value of production. Thus, this measurement would tend to suggest that a policy to reduce GHG emissions might focus on only a handful of commodities.
Production value, however, includes the transfers generated through commodity policy. One more step is needed to arrive at the relative value of sectors net of emissions costs. To remove the effect of policy, we can compare the "social" value of production (as defined above) with the ACE. The final column in Table 6 shows the ratio between the production value net of policy transfers (VoP-SCT) and the ACE. Tomatoes, oranges, "other products," pineapples, and coffee appear to have highly favorable ratios, indicating the greatest value (net of transfers) per unit of environmental cost. Sugar, corn, and cocoa have much lower ratios of net value to the cost of GHG emissions. The ratio for livestock appears to be uniformly relatively low: the social value of output is only 8 times the ACE in the case of poultry and there appears to be no net benefit from milk production once emission costs and transfers are accounted for. This underscores that minimizing ACE is not automatically a sound policy choice: If GHG emissions are already being limited, then one should get the best value possible subject to this constraint.
14 A complete solution to this measurement issue would be to use a multi-market model of Jamaican agriculture that includes cross-elasticities of supply. This would require input from databases such as Agrimonitor but involve considerable additional modeling. Unfortunately, the more realistic the model, the more parameter assumptions and model structure decisions would be needed, so the additional precision of the results may come at the cost of credibility.
minimizing ACE is not automatically a sound policy choice: If GHG emissions are already being limited, then one should get the best value possible subject to this constraint.
What implications might these results have for policy makers? As the GOJ implements its INDC commitment to curb emissions of GHG it has a range of agricultural policy actions from which to choose. One would be to reduce the transfers to the highest GHG-emitting sectors -such as poultry, sugar, and beef (Table 6 , column 3). The cost of GHG emissions in terms of ACE suggests that milk could also be added to that list (column 4). If the main objective of policy is to meet the INDC targets, then such an approach has merit. But the sectors in question produce goods for sale to consumers.
If one allows for a mix of objectives that include farm policy as well as GHG emission mitigation, then another option would be to reduce support to sectors with a high ACE to production value ratio (essentially, livestock products), as this would ensure that GHG emissions reduction was being achieved at the lowest cost in terms of farm output. This would involve constraints on production of milk, cocoa, beef, pigmeat and sugar (but not poultry), which have the highest ratio of ACE to VoP (Table 6 , column 5), although these production values include the incidence of policy transfers.
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A strategy to combine farm policy changes and GHG emission reductions (a "two birds with one stone" approach) would be to focus on commodities with both high emissions and high protection. The candidates are listed in Table 6 , column 6. Livestock products (except eggs) have a low ratio of output net of transfers to the cost of GHG emissions. The same is true of sugar, corn, and cocoa. Reducing support to these sectors would also lean toward reducing price distortions in agricultural markets and mitigating GHG emissions to meet the Jamaican INDC goals.
Alternatively, one could increase support for sectors with a high ratio of the value of output net of support to the cost of carbon emissions. Candidates here would include oranges, tomatoes, coffee, pineapple, and "other products" (mainly vegetables and condiments). The estimates given here point potential policy efforts to coordinate price incentives with greenhouse gas emission reduction.
An alternative approach, or one that could be considered complementary to price policy changes, would be to locate the source of the GHG emissions and attempt to change the management techniques used in the high-emitting sectors. Manure management is one area that may need to be addressed, either with regulation or financial incentives (taxes or subsidies). The use of GHG emission offsets would fit with this approach, as improved management practices would be encouraged by private incentives. Thus, the results shown here may be most useful in guiding policy towards solutions regarding crop and livestock husbandry. Commodity-level policy may help, but changes in farming practices could be a very useful complementary step.
The report has focused on GHG emissions in the context of attempts to mitigate climate change at the global level. The extent to which Jamaica participates in such mitigation will depend on national policy decisions that are beyond the considerations of agricultural policy. No amount of mitigation in Jamaica alone is A strategy to combine farm policy changes and GHG emission reductions (a "two birds with one stone" approach) would be to focus on commodities with both high emissions and high protection.
likely to have any measurable impact on Jamaica or its agricultural sector: the vulnerability of Jamaica and its agriculture sector to climate change depends on the actions of other countries. Similarly, the issue of carbon leakage (shifting production abroad where higher GHG emissions are possible) is less relevant to Jamaica's decision on GHG reduction, as its agricultural policy is unlikely to have any significant impact on GHG emissions in other countries. However, the actions taken by Jamaica in connection with its INDC obligations could have a considerable impact on the agricultural sector. Thus, to some extent, the significance of GHG reductions is separate from the Jamaican agriculture sector's vulnerability to climate change, although in the context of policy decisions, the link between GHG emissions and policy incentives is significant.
There is an even more important link between mitigation and adaptation policies relating to climate change that could be crucial for policy-makers. Given the compelling case for Jamaican policy to develop a strategy for adapting to climate change, the more such a strategy is consistent with mitigation efforts, the more mutually supportive the two separate policy goals will be. Efforts to increase the resilience of agriculture in the face of climate variability could go hand in hand with the changes necessary to meet mitigation goals. Resilience can also be related to policy transfers. Attempts to make Jamaican agriculture more sustainable could in this way be coupled with a reduction in GHG emissions. The next step could therefore be to use tools such as Agrimonitor to assess the range of policies that are being used that might impact adaptation and resilience. This report has discussed the link between policy incentives and GHG emissions:
The compatibility of Jamaican agricultural policy with climate change adaptation needs to be further explored.
No amount of mitigation in Jamaica alone is likely to have any measurable impact on Jamaica or its agricultural sector: the vulnerability of Jamaica and its agriculture sector to climate change depends on the actions of other countries. 215 18,787 25,640 33,420 33,555 16,873 16,455 21,025 19,991 22,662 57,051 59,873 70,129 83,610 84,311 76,268 82,248 92,661 98,184 78,259
Source: Agrimonitor Unit: million J$ annex a. To move from the data presented in the Aether report to estimated GHG emissions from the various commodities included in the Agrimonitor database, some additional assumptions were required. This annex gives two examples that show the steps needed. The examples are for the emissions from synthetic nitrogen fertilizer and fuel oil in field operations, both used in corn production.
The Aether report estimates the total emissions from the agricultural use of synthetic nitrogen fertilizer at 26.71 Gg/yr CO 2 e. The same report includes the number of hectares under cultivation of cereals. The assumption that is needed to link this to the Agrimonitor commodities is the share of synthetic nitrogen fertilizer used on cereals. The assumption is that 30 percent of such fertilizer is used in the cereal sector. This number is chosen to reflect the fact that many crops in Jamaica are produced using organic fertilizer or add to soil nitrogen naturally. Other crops that are assumed to use some synthetic nitrogen fertilizer include yams, vegetables, potatoes, and condiments. Having allocated this portion of synthetic nitrogen use to cereals, the proportion allotted to corn is based on the share of corn in cereal hectarage (in this case 100 percent). The result is an attribution of 8.01 Gg/yr CO 2 e in corn production. A second example illustrates the allocation of fuel and energy to individual crop sectors. The Aether report estimates fuel use for the agricultural sector, and further allocating it to field operations, harvesting, and processing requires additional assumptions. This example shows the steps involved in estimating the use of fuel oil (one of four fuels identified) in field operations.
Total emissions from the use of fuel oil in the agricultural sector was reported as 119 Mg/yr CO 2 e. The share of total emissions from fuel oil use in agriculture associated with field operations was assumed to be 75 percent, based on a judgment on the main use of fuel oil in agriculture. Thus, the total emissions from the use of fuel oil in field operations is 142 Mg/yr CO 2 e. A further assumption is that fuel oil use in field operations are basically determined by the hectarage. As the corn sector represents 2.4 percent of harvested area, the use of fuel oil in corn field operations is calculated as 3.34 Mg/yr CO 2 e.
The estimates reported in this paper would be improved by the collection of more data on the use of fertilizer and on other soil management activities connected to the production of particular products. Similarly, the allocation of fuel and energy by activity could be improved by replacing broad assumptions with collected data. 
